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IntroductionFood security remains today a concern for all countries around the world since the food coverage remains inadequate [1]. Since the 1990s in the analyzes, the fruit and vegetable sector has emerged as a major source of agricultural growth and poverty reduction [2]. This sector contributes over 33% of global agricultural output and employs more than 800 million agricultural assets [3]. According to a study carried out by the United Nations Development Program (UNDP), this activity is practiced in over 90 cities in 31 countries in Southeast Asia, the Middle East, Europe, Sub-Saharan Africa, South America, Central, North and West Indies [4]. Introduced since colonial times in West Africa, market gardening has taken a particular momentum with the development of cities and the increasing demand for fresh produce [5]. Today, great part of world’s 
population (around 54%) live in urban areas, a figure expected to rise to 66% in 2050 [6]. Benin, one of West African countries didn’t remain on the sidelines of this phenomenon with an 
urbanization rate experienced a remarkable evolution and has already reached 44.9% in 2011 [7]. This rapid acceleration 
 of urbanization leads to increased food insecurity and a deteriorating environmental quality in major cities of Benin [8]. 
During these ten (10) years, we are witnessing the expansion of many garden spaces in the slums and peri-urban areas [9]. Vegetable production has become an activity responding effectively to urban food demand [10]. According to [11] and 
[12], market gardening is a great way to fight against poverty 
and malnutrition. However, its profitability is influenced by several parameters that proves compelling analysis to improve production. According to [13], The type of fertilizer used is an 
element influencing agricultural production in general. In view of this, one wonders if this factor could also have an effect on the performance of the market garden production. It is in this 
perspective that this work aimed at studying the influence of various types of fertilizers on the economic performance of the 
market garden production in the town of Parakou. Specifically, 
the study analyzes firstly the profitability of market gardening 
Parakou and secondly, appreciates the influence of categories of fertilizer market gardening Parakou.
Abstract Given the pronounced degradation in recent years, it appears imperative to develop production techniques promoting conservation/
improvement of the structure and composition of the soil. This study aims to analyze the influence of the types of fertilizers on the economic 
performance of the market garden production in the town of Parakou. This study is specifically interested in the culture of carrot. To achieve 
this, a survey was conducted among sixty (60) farmers chosen randomly in this Municipality. The data collected were related to demographics and spending and revenue generation according to the types of fertilizers (chemical and biological). These data were collected on the basis of a questionnaire addressed to individually sampled producers. The information collected was analyzed using SPSS software v. 20. It follows that the 
carrot production is economically and financially profitable in the town of Parakou. Moreover, economic performance indicators calculated (net 
margin, average labor productivity, internal rate of return and the benefit/cost) indicate that organic fertilizers improve more the profitability of this production.
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Methodology
Presentation and selection of the study areaThis study focuses on the town of Parakou, (north-Benin) precisely in the department of Borgou. Head of the department and northern capital, the town is located at 9° 21 ‘north latitude and 2° 36’ east longitude, at an average altitude of 350m. It covers an area of 441 km2 and is an important crossroads of major highways (Cotonou-Public and hinterland countries). Subdivided into three districts, the city is limited to the north by the municipality of N’Dali, south, east and west by the commune Tchaourou. According to RGPH4, the population of the Parakou city increased from 149,819 inhabitants in 2002 to 255,478 inhabitants in 2013. In Parakou, climate is tropical and humid (Climate South Sudanese). It is characterized by the alternation of a rainy season (May to October) and a dry season (November to April). Concerning the soils , Parakou is characterized by a 
predominance of light-textured soils of substantial thickness due to the weakness of erosion. The Borgou economy in general and its capital in particular is mainly based on trade, tourism, crafts, 
livestock, fisheries and agriculture. Parakou, cosmopolitan town, harbours many market gardeners farmers especially because 
of its river system consists of a large number of rivers and shoals, tributaries of the right bank of the Okpara. The research sites included in the study (Banikanni, Tokokpè-Kara, Zongo II Sourou-Wansirou) were selected based on the following criteria: i. The presence of the producers of vegetable crops using organic fertilizers as well as chemical; ii. The accessibility of sites andiii. The distance between sites.
SamplingIn this study, carrot producers are the units of observation. Four (04) production sites were selected for further investigation due to the small number of sites and the number of vegetable growers per site (increased drought and drying up of rivers leading many market gardeners to move towards off-farm activities). Given the resources and time allocated to study a sample of 60 producers was selected randomly in order to give equal chance to all market gardeners to be part of the sample. The list of producers for each site was obtained from the secretaries of producer groups. Table 1 shows the composition of the sample per market garden sites
Table 1: Sample Composition per market garden site.
Sites Banikanni Sourou Zongo II Tokokpè-Kara TotalNumber of respondents / Sites 15 15 15 15 60
Source: Survey Results, 2017
Materials and Methods
MaterialsIn achieving the objectives of this study, a survey form was developed to collect information on sociodemographic factors of 
market gardeners (sex, educational level, marital status, Ethnic, Religious), production volum, the area sown, price of sale, 
production expenses (purchase of fertilizer, urea, pesticides, 
labor, tools/equipment, taxes and dues), the daily rate, the number of hours/day, and categories of fertilizer used.
MethodsData were collected through individual interviews with survey questionnaires. These data were included in a database 
with the Access software 2016 and then exported into SPSS v20 software 32bits for analysis. The calculations, averages, 
standard deviations, minimum and maximum were used both for the presentation of the sociodemographic characteristics 
of producers and the analysis of the profitability of market gardening; The Student t test was used to analyze the relationship 
between the type of fertilizer used and the profitability of the market garden production.
Analysis of the profitability of production was carried out on 
the basis of some economic indicators of profitability. The choice of these indicators draws on the work of [14-16] and [17]. Four 
(04) indicators were used: the net margin of production, the average productivity of family labor, the internal rate of return 
and the benefit/cost.
Net Margin (NM): Net production margin is obtained by deducting from the Gross Product Value (GPV) the total costs 
(TC) or by deducting from the Gross Margin (GM) Fixed Costs 
(FC) [15]. it is expressed by the following formula : 
NM GPV TC GPV VC FC GM FC= − = − − = −
It is expressed in FCFA/unit area. In this study, the unit area considered is the m².If NM>0, then it is concluded that the gross product value 
arrives to cover both fixed costs that variable costs. Market 
gardening is economically profitable in Parakou.By cons, if NM<0, then the gross product value cannot cover the overall costs of production. In this case, the production is not 
economically profitable.
Note that VC (variable costs) represent expenditures for the purchase of inputs (fertilizers, insecticides, pesticides and 
labor) and fixed costs FC correspond to expenses incurred by the operation but not related to production volume; These are mainly 
capital expenditures. FC is determined by applying a linear damping rate to the total value acquisition equipment. This rate 
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corresponds to the inverse of the lifetime of the equipment [18].The lifetime and cost vary from one tool to another. The tools used on various market garden sites are: the hoe; little hoe, watering can, wheelbarrow. Table 2 presents the useful lives and the respective costs of the tools used:
Table 2: Lifetimes (year) and cost tools (CFA) used.
Tools Hoe Little Hoe Watering
Wheel 
barrowLife times 3 5 3 5Couts 2 .500 1,000 10,000 12,000Source: Survey Results, 2017.
Average Net Productivity of Labor (APL): It is defined as the net margin per family labor unit used for production [17]. 
Mathematically, it is expressed by the formula:
/APL NM FL=With APL Average net Productivity of Labor (family labor in FCFA/HJ).This is the daily labor remuneration adult active in the operation. NM: net margin in CFA/m².FL: family labor used in HJ/m².If APL>p (p = daily wage paid to a man-day in the study area), 
then the activity is profitable from the standpoint of paid salary. Otherwise, it is not.The daily wage paid to a man-day (hj) is 1300 CFA francs in the study area.
Internal rate of return: According to [14], The internal rate of return which is nothing but capital productivity, can be determined by the following formula: 
( ) / ( )IRR NM FLV TC FLV= − + FLV: Family Labor ValueIRR: Internal Rate of Return is in %.It measures the net margin per unit of capital invested. In this case, the investment corresponds to the total production costs [15]. It also determines the ability of an operating return on capital invested. It is performed by comparing the interest rates 
applied by institutions i banking or microfinance. In the study area, is equal to 12%. So if IRR>i, the activity is economically 
profitable on investment point of view. The producer manages to best his investment; if he had made a loan, he could pay the annuity from his margin net. So, he can make loans from 
microfinance institutions to expand his exploitation. But if IRR 
<i, the activity is not profitable from the standpoint investment. Producer better go save than to invest in the production.
Benefit/Cost ratio or B/C: In rural economy, it expresses 
the total financial gain obtained by the investment of a monetary 
unit (1 CFA franc, for example). It is given by the formula [16] below:
/ / ( )B C GPV TC FLV= +
 In analysis of economic efficiency, the interpretation of the B/C is done by comparing the value to 1. If B/ C >1, it can be concluded that 1 franc invested generates more than 1 CFA 
franc as profit, and The activity is called economically profitable. If, against the B/C<1, then 1 franc invested generates fewer 1 
CFA franc as profit, and the activity is considered unprofitable because the producer earns less his invests.
Results and Discussion
Demographics characteristics of respondentsQualitative variables are used to characterize the sample surveyed. The table below presents descriptive statistics of these variables.
Table 3: Descriptive statistics of variables.
Variables (%) Modalities
Absolute 
Frequencies 
(Relative 
Frequency)
Sex
M 36 (60)F 24 (40)Married) 30 (50)Single 18 (30)
Marital status
Divorcee) 3 (5)Widower widow 9 (15)Christian 15 (25)Muslim 28 (46.6)
Religion
Atheist 8 (13.4)Other 9 (15)Fon 6 (10)Bariba 27 (45)Dendi 10 (16.7)
Ethnic group
Nago 6 (10)Peul 2 (3.3)Other 9 (15)No 30 (50)Primary 7 (11.7)
Level of education Secondary 20 (33.3)University 3 (5)
Source: Survey Results, 2017.The sample of respondents is made up of both men and women. However, a slight male dominance is noted. This is 
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explained by the abandonment of gardening activities of these 
women because of the drought. In the study area, we find (06) 
six races with a dominance of Bariba. The observation units are 
predominantly Muslim and married for most. This is justified by the fact that Parakou since its origin is recognized as a Muslim majority city. The level of education is of great importance in the management of operations. In addition, market gardening is as a job opportunity for this population with low level of education [19]. In the study area, all levels of education are represented. However, most producers have no level of education (Table 3).
Economic performance of carrot production
Yields carrot production: The carrot yields in the study area vary around 1kg /m². Note that chemical production gives the highest yields (Table 4). However, the difference between the yields of the carrot according to the types of fertilizer is 
not statistically significant (p>0.10). According to the farmers’s 
explanations, production of carrots is not too demanding on soil fertility, but rather permanent water availability. Therefore, the performance difference is not felt when going from a cultural practice to another.
Table 4: Carrot Yields (Kg/m²) according to the types of fertilizer.
Yield (Kg/m²)
Types of fertilizer
Together Significances
Biological Chemical0.882 0.978 0.9303 0.83
Source: Survey Results, 2017.
Variable costs, fixed costs total costs and carrot 
production: Analysis of the results presented in Table 5 shows that the costs of carrot production as a whole are particularly high. By the analysis according to the types of fertilizers used, it is found that the production based on chemical fertilizers has some higher variable costs as biological and this difference 
is statistically significant at the 1% level (p<0.01). However, the variable costs in the market garden production are mainly related to the acquisition of pesticides and seeds. These 
results are explained by the fact that in the production based on chemical fertilizers, chemical fertilizers are purchased and 
require significant capital. Unlike production based on organic fertilizers which used organic fertilizers (compost, animal manure, etc.) that are self-produced by market gardeners. Table 
5 also reveals that there is no significant difference between 
the fixed production costs according to the types of fertilizers 
(p>0.10). The total cost is only a sum of fixed costs and variable 
costs, they behave exactly as the variable costs described above.
Table 5: Economic performance indicators by type of fertilizer.
Costs (fcfa/m²)
Types of Fertilizer
Together Significances
Biological ChemicalVC 21.753 55.797 38.775 0FC 39.717 48.903 44.32 0.183TC 61.49 104.7 83.095 0
Source: Survey Results, 2017.
Net Margin (NM)Table 6 shows that all net margins are positive. This means that gross products value arrive to cover production costs 
(variable costs and fixed costs). The production of carrot is 
economically profitable. This result concords with that obtained by [16] who found that the market garden production is 
economically profitable on net margin perspective. However, there are disparities depending on the type of fertilizer used. Net margin for the carrot production based on organic fertilizers is higher than production based on chemical fertilizers. The 
difference between the net margins is statistically significant at the 1% level (p <0.01). The carrot production using organic 
fertilizer is more profitable than those using chemical fertilizers.
Table 6: Economic performance indicators by type of fertilizer.
Performance Indicators
Types of Fertilizer
Together Significances
Biological ChemicalNM 203.17624 139.96648 171.57136 0.002APL 1589.93 1117.78 1353.8607 0.055IRR 1.655 -0.362 0.2567 0.196B / C 1.5619 0.9514 1.2567 0.012
Source: Survey Results, 2017.
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Average Productivity of Labor (APL)It is found that the average labor productivity in the carrot production as a whole is greater than the opportunity cost of labor is 1300 FCFA in the study area. This indicates that the carrot production provides good remuneration of family labor to the farmer. It is therefore advantageous for him to produce on his own account rather than sell his labor force to the outside. These 
results confirm those obtained by [15]. Production with organic fertilizer has a higher average labor productivity than the cost of labor in the town of Parakou (1589.93>1300) as opposed to the production based on chemical fertilizers (1117.78<1300). The production based on 
chemical fertilizers is not profitable from the standpoint average labor productivity. Furthermore, a comparison of average labor productivities of the two types of fertilizer shows that production 
using organic fertilizers is higher profitable than production-based on chemical fertilizers. This difference is statistically 
significant at 10% level (p<0.10).
Internal Rate of Return (IRR)The internal rate of the carrot return is greater than the interest rate in the study area (25.67% >12%). The carrot 
production is thus economically profitable (IRR perspective). 
Thus, if the carrot producers had to make loans at microfinance institutions for their vegetable production, they could repay the interest payable.Production based on organic fertilizer has a greater IRR than the interest rate used in the commune of Parakou (16.55%>12%) as opposed to production based on chemical-fertilizers (-36.20%<12%). The production based on chemical 
fertilizers is not profitable from the standpoint internal rate of return. Moreover, a comparison between the internal rates of return of the two types of fertilizer shows that production using organic fertilizers is higher than those using chemical fertilizers. 
Note that this difference is not statistically significant (p>0.10).
Benefit/cost ratio (B/C)
The benefit/cost obtained is greater than 1. The production 
of the carrot is financially profitable from the standpoint benefit/cost ratio. Therefore, when farmers invest 1 FCFA, they earn on average 1.25 FCFA. These results are in the same direction then 
[16] who found that the market garden production is financially 
profitable in the North East of Benin.
 Production with organic fertilizer has a cost/benefit ratio (1.5619) Greater than 1 unlike production based chemical fertilizers (0.9514). The production based on chemical fertilizers 
is not profitable from the standpoint benefit/cost ratio. Moreover, 
comparing the benefit/cost ratio of the two types of fertilizer, it is showed that the production with organic fertilizers is higher 
profitable than production based on chemical fertilizers. This 
difference is statistically significant at the 5% level (p<0.05).
Conclusion
The production of the carrot is economically and financially 
profitable in the town of Parakou. It appears from analyzes 
that organic fertilizers improve more the profitability of this production. The calculated indicators (net margin, average labor 
productivity, internal rate of return and the benefit / cost) are 
more efficient to the production based on organic fertilizers. So, the market gardeners of the commune of Parakou should resort 
to the use of organic fertilizers to improve the profitability of their production. In addition, the use of organic fertilizers allows farmers to maintain / improve soil fertility.
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